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SUMMARY 


This  note  presents  the  resuLts  of  flight  tests  conducted  to  evaluate  a 
three-axis  mechanical  stability  augmentation  system  (MSAS),  known  as 
"Dynagyro",  on  a  UH-1  helicopter.  The  purpose  of  a  stability  augmen¬ 
tation  system  is  to  augment  the  stability  and  control  characteristics  of 
unstable  or  weakly  stable  aircraft  so  as  to  provide  satisfactory  flying 
qualities.  The  tests  encompassed  9-1/2  flight  hours  and  approximately 
3  hours  of  ground  and  hangar  testing.  The  MSAS  included  an  entirely 
new  concept:  vortex  valve  fluidic  servoactuators. 

The  magnitude  of  the  installation  and  conversion  procedure  for  installing 
the  MSAS  was  relatively  small. 

The  MSAS,  as  tested,  did  not  perform  as  well  in  the  helicopter  as  it  did 
in  the  laboratory  or  as  well  as  theory  indicated  it  should. 

The  MSAS  did  not  require  a  heat  exchanger  for  fluid  temperature  control. 

The  engagement  and  disengagement  transients  were  acceptable.  Helicop¬ 
ter  response  was  decreased  significantly  following  small -amplitude  step 
displacement  of  the  flight  controls.  The  MSAS  was  ineffective  in  im¬ 
proving  lateral-directional  damping. 

The  yaw  SAS  responded  properly  during  autorotational  entry;  however, 
it  functioned  improperly  during  the  remaining  tests.  Pilot  acceptance  of 
the  MSAS  was  poor.  The  magnitude  of  the  installation  and  conversion 
procedure  for  the  test  MSAS  is  not  representative  of  the  procedure  for  a 
production  MSAS.  The  MSAS  was  not  compatible  with  the  operating  en¬ 
vironment  of  the  UH-1H  helicopter. 

The  improper  functioning  of  the  yaw  SAS  contributed  to  the  ineffective¬ 
ness  of  the  MSAS  in  improving  lateral-directional  damping.  The  yaw 
SAS  provides  insignificant  yaw  damping  during  autorotational  entry. 
Improper  MSAS  functioning  and  helicopter  attitude  limitations  contributed 
to  the  poor  pilot  acceptance  of  the  MSAS. 
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FOREWORD 


The  flight  test  evaluation  was  conducted  to  obtain  dynamic  stability  and 
control  response  data  for  a  helicopter  with  the  MSAS  installed;  to  obtain 
a  qualitative  evaluation  of  the  MSAS  by  several  helicopter  pilots;  and  to 
determine  the  magnitude  of  the  installation  a'nd  conversion  procedures 
of  the  MSAS  in  a  UH-1  helicopter.  This  work  was  performed  by  the 
Eustis  Directorate,  U.  S.  Army  Air  Mobility  Research  and  Development 
Laboratory,  Fort  Eustis,  Virginia,  under  House  Task  AM  68-6,  during 
the  period  from  February  1968  through  June  1969. 
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INTRODUCTION 


All  helicopters  are  inherently  unstable  in  some  speed  regimes.  Modern 
design  practices  have  brought  the  degree  of  instability  within  the  pilot's 
control  capability,  but  flight  safety  and  pilot  fatigue  usually  dictate  the 
need  for  some  sort  of  stability  augmentation.  Acceptable  flying  charac¬ 
teristics  can  be  provided  through  the  use  of  either  mechanical  or  elec¬ 
tronic  stabilization  systems.  Although  both  types  of  these  systems  are 
presently  in  common  use,  they  have  marked  advantages  and  disadvantages 

Electronic  stabilization  systems  can  be  very  light  in  weight.  Also,  the 
inherent  flexibility  of  electronic  circuitry  permits  the  designer  to  closely 
tailor  the  system's  characteristics  to  the  requirements  of  the  helicopter 
or,  if  desired,  to  provide  for  the  execution  of  preprogrammed  maneuvers. 
On  the  other  hand,  the  electronic  system  is  highly  complex  and  costly  to 
produce,  requires  extensive  maintenance  by  highly  skilled  personnel,  and 
is  relatively  low  in  reliability. 

Mechanical  stabilization  systems  of  the  type  used  on  some  helicopters 
rely  on  a  gyroscope  to  sense  the  attitude  deviation  rate  of  the  helicopter 
and  to  provide  stabilizing  signal  inputs  to  the  helicopter  control  system. 
The  gyroscope  motion  is  damped  by  viscous  or  aerodynamic  dampers 
which  provide  a  restoring  torque  that  continuously  seeks  to  align  the  gyro¬ 
scope  axis  with  a  fixed  reference  axis  in  the  helicopter.  The  mechanical 
stabilization  systems  in  current  use  require  very  little  maintenance  and 
are  highly  reliable,  but  they  are  heavy  as  compared  to  electronic  systems 

It  would,  of  course,  be  desirable  to  provide  a  stabilizing  system  that 
possesses  the  lightweight  characteristics  of  current  electronic  systems 
and  the  high  reliability  characteristics  of  current  mechanical  systems. 

To  achieve  this,  attempts  have  been  made  to  reduce  the  size  of  the 
mechanical  system.  Previous  attempts  have  not  been  fruitful  for  a  two- 
degree-of-freedom  system  because  of  the  problems  encountered  in  pro¬ 
viding  either  viscous  or  aerodynamic  dampers  that  possess  damping 
characteristics  compatible  with  the  requirements  of  miniaturized  me¬ 
chanical  gyros.  Hence,  the  damper  problem  has  been  the  primary 
stumbling  block  in  attempts  to  miniaturize  mechanical  stabilizers. 

The  Dynasciences  Corporation  recently  developed  a  method  for  the  appli¬ 
cation  of  coulomb  damping  to  the  damping  of  gyroscopes.  This  method 
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of  damping  was  applied  to  a  stability  augmentation  device  for  helicopters, 
resulting  in  the  mechanical  stability  augmentation  system  (MSAS). 

The  MSAS,  delivered  to  USAAVLABS  by  Dynasciences ,  was  completely 
overhauled  by  USAAVLABS  personnel,  and  a  flight  test  evaluation  in¬ 
stallation  for  a  UH-1D  helicopter  was  designed  and  fabricated.  The  in¬ 
stallation  consisted  of  the  hydraulic  power  supply  as  well  as  the  hydraulic 
and  electrical  power  supply  control  system.  An  extensive  laboratory 
operational  test  of  the  complete  installation  was  then  carried  out  at 
USAAVLABS. 

The  flight  test  evaluation  was  performed  at  the  U.  S.  Army  Aviation 
Systems  Test  Activity,  Edwards  AFB,  California.  The  objectives  of  the 
evaluation  were: 

1.  Determination  of  the  magnitude  of  the  installation  and  conversion 
procedure . 

2.  Quantitative  measurement  of  the  system's  performance. 

3.  Qualitative  evaluation  of  the  system  by  at  least  three  pilots. 

4.  Determination  of  any  changes  necessary  to  enhance  the  system's 
performance  and  serviceability. 

The  objectives  of  the  evaluation  were  met  during  eight  flights,  totaling 
9-1/2  flight  hours. 
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DESCRIPTION  OF  THE  TEST  HARDWARE 


The  test  helicopter.  Figure  1,  was  a  YUH-1H  60-6033.  The  helicopter 
was  modified  only  in  those  areas  required  to  accept  the  mechanical 
stability  augmentation  system  installation  and  the  instrumentation. 

The  mechanical  stability  augmentation  system  tested  consisted  of  a 
coulomb-damped  two-degree-of-freedom  gyroscope  (Dynagyro)  and  a 
single-axis  spring-damped  rate  gyroscope  (Heading  Assist). 

A  detailed  description  of  the  Dynagyro  is  presented  in  Reference  1. 

The  Heading  Assist  gyroscope  is  hydraulically  powered.  The  major 
components  of  the  drive  system  consist  of  a  planetary  gear  transmission 
and  a  universal  joint.  The  Heading  Assist  gyro  senses  the  change  in 
aircraft  directional  angular  rate  rather  than  the  change  in  aircraft  angu¬ 
lar  displacement.  The  signal,  is  integrated  into  the  aircraft  control 
system,  through  a  control  boost  actuator  and  mixing  linkages,  in  a  man¬ 
ner  similar  to  the  Dynagyro. 

In  order  to  introduce  the  gyro  control  input  into  the  helicopter  control 
system,  it  is  necessary  to  reduce  the  pilot's  control  to  the  swash  plate 
such  that  with  the  integrated  system  the  sum  of  pilot  and  gyro  input 
motion  equals  the  maximum  pilot  input  prior  to  integration. 

The  MSAS  specifications  are  summarized  in  Table  I. 

The  MSAS,  as  packaged  for  installation  in  the  test  helicopter,  is  shown 
in  Figures  2  through  9. 

The  installation  included  a  self-contained  high-pressure  (1500-psi)  hy¬ 
draulic  power  supply  (Figures  10,  11,  and  12)  for  driving  the  gyros  as 
well  as  the  servoactuators . 

Details  of  the  fluidic  servoactuators  are  provided  in  Reference  2.  The 
servoactuator  authority  in  the  longitudinal  and  the  lateral  control  system 
was  ±  15  percent  of  the  total  control  travel;  in  the  directional  control 
system,  ±  25  percent  of  the  total  control  travel. 
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FABRICATION  AND  INSTALLATION 


FABRICATION  AND  CHECKOUT 

The  flight  test  package,  consisting  of  supporting  structure  and  inclosures 
for  the  Dynagyro,  the  Heading  Assist  gyro,  and  the  fluidic  servoactuator s, 
was  fabricated  and  assembled  (Figures  13,  14,  and  15).  The  hydraulic 
power  supply  package  and  control  console  are  shown  in  Figures  3  and  16. 
The  instrumentation  package  is  shown  in  Figures  6,  8,  and  9. 

Laboratory  testing  and  checkout  of  the  complete  MSAS  package  consisted 
of  mounting  the  MSAS  on  a  three-degree-of-freedom  tilt  table  and  op¬ 
erating  as  an  integral  self-contained  system  (Figures  13  and  14).  During 
these  tests,  gyro  and  servoactuator  performance  was  checked  by  simu¬ 
lating  aircraft  upset  by  use  of  the  tilt  table.  Gyro  rpm  was  also  checked, 
as  well  as  the  operating  temperature  of  the  hydraulic  pump  and  motor, 
the  heading  assist  step-up  transmission,  and  the  oil  temperature  into  the 
pump,  the  servoactuators ,  and  the  reservoir. 


INSTALLATION  AND  CHECKOUT 


The  MSAS  and  instrumentation  were  installed  in  the  YUH-1H  at  USAASTA. 
The  Dynagyro  module  and  the  Heading  Assist  module  were  mounted  on  the 
cabin  floor  just  forward  of  the  pylon  structure  (Figure  6).  The  hydraulic 
power  supply  system  was  mounted  on  the  cabin  floor  just  to  the  left  of  the 
pylon  structure.  The  instrumentation  package  was  mounted  on  the  cabin 
floor  just  to  the  right  of  the  pylon  structure  (Figures  6,  8,  and  9). 

After  the  installation  was  completed,  the  safety-of-flight  review  board 
convened,  and  the  following  limitations  were  written  into  the  USAAVLABS 
safety-of-flight  release:  (1)  MSAS  cutoff  switch  must  be  installed  on  the 
pilot's  cyclic  control  stick;  (2)  the  test  flights  must  be  flown  with  a  pilot 
and  a  copilot  at  the  controls;  (3)  surface  wind  must  be  less  than  5  knots 
for  hovering  flight  in  cross-wind,  down-wind,  and  confined  areas;  and 
(4)  helicopter  takeoff  gross  weight  must  be  less  than  8000  pounds. 

The  magnitude  of  the  installation  and  conversion  procedure  of  the  heli¬ 
copter  for  installing  the  MSAS  was  relatively  small  due  to  the  simplicity 
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of  the  system,  the  minimum  interfaces  between  the  package  and  the  air¬ 
craft  systems,  and  the  method  used  to  mount  the  package  onto  the  heli- 
pter  floor  without  any  structural  modification  requirements. 

The  test  helicopter  was  weighed  after  the  MSAS  and  flight  test  instru¬ 
mentation  were  installed;  the  gross  weight  was  7700  pounds,  with  the 
center  of  gravity  located  at  station  137. 
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TEST  PROCEDURES  AND  RESULTS 


GROUND  TEST 


Following  the  installation  of  the  MSAS  and  the  flight  test  instrumentation, 
all  systems  were  operationally  checked  with  the  helicopter  on  the  ground. 

The  operational  checkout  consisted  of  vibratory  frequency  sweeps  of  the 
pilot  controls  with  the  MSAS  shut  off  and  turned  on.  The  system  was  also 
cycled  on  and  off  by  removing  and  applying  both  electrical  power  and  hy¬ 
draulic  power. 

Test  conditions  that  were  checked  included  longitudinal,  lateral,  and 
directional  control  pulse  and  step  inputs  at  several  pilot-selected  engine 
power  settings,  and  MSAS  engagements  and  disengagements  by  all  methods 
available.  During  these  tests,  application  of  rapid  forward  or  aft  control 
pulses  resulted  in  a  high-frequency  self-sustaining  vibration  in  the  heli¬ 
copter  control  system,  as  well  as  in  the  MSAS  longitudinal  servoactuator . 
After  extensive  investigation,  the  high-frequency  vibration  was  determined 
to  be  a  hydraulic  resonance  condition  within  the  fluidic  servoactuator.  The 
servoactuators  were  modified,  by  the  manufacturer,  to  eliminate  the  res¬ 
onance  problem.  The  modified  servoactuators  were  reinstalled  in  the 
MSAS,  and  the  entire  ground  operation  control  input  sequence  was  com¬ 
pleted  satisfactorily. 


FLIGHT  TEST 


The  same  basic  tests  were  used  for  each  flight  throughout  the  flight  eval¬ 
uation.  A  flight-test  log  for  the  MSAS  is  presented  in  Table  II.  The 
flight-test  card  items  consisted  of  pulse,  step,  doublet,  and  dutch  roll 
excitation  control  inputs  while  the  helicopter  was  stabilized  in  hovering 
flight,  at  level  flight  speeds  of  60,  90,  and  110  KIAS. 
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TABLE  II.  MECHANICAL  STABILITY  AUGMENTATION 

SYSTEM  FLIGHT  TEST  LOG 

Date 

Event 

Results 

5  March  1969 

MSAS  and  instrumentation  shipped 
to  USAASTA  from  USAAVLABS 

11  March  1969 

Completed  shipment  of  MSAS  and 
instrume  ntation 

24  March  1969 

Flight-safety  team  review 

Released  with  specific  Limi¬ 
tations  and  requirements. 

28  March  1969 

Aircraft  functional  ground  run 
check  -  45  minutes 

High-frequency  oscillation  in 
flight  control  system  after 
longitudinal  pulse  control  in¬ 
put. 

1  April  1969 

Received  safety-of-f light  release 
from  USAAVLABS 

2  April  1969 

Fluidic  servoactuators  returned 
to  manufacturer  for  modification 

Modified  to  eliminate  the 
high-frequency  oscillation. 

9  April  1969 

Fluidic  servoactuator s  reinstalled 
on  MSAS 

15  April  1969 

Aircraft  functional  ground  run 
check  -  30  minutes 

Completed  flight  control  input 
sequence  satisfactorily. 

Hovered  for  2  minutes  when 
abrupt  high-frequency  noise 
started  from  behind  the  cabin. 

17  April  1969 

Aircraft  maintenance  test  flight 

Excessive  EGT  at  idle  RPM  - 
determined  to  be  caused  by 

FCD;  engine  change  required. 

19  April  1969 

Flight  test  team  returned  to 
USAAVLABS 

5  May  1969 

Flight  test  team  resumed  • 
activities  at  USAASTA 

Maintenance  test  flight. 

8  May  1969 

1-1/2-hour  flight  test 

Configuration  1  forward 
flight  data. 

9  May  1969 

1-1/2-hour  flight  test 

Configuration  1  hovering 
flight  data. 

TABLE  n.  CONTINUED 

Date 

Event 

Results 

12  May  1969 

50-minute  flight  test 

Configuration  2  level  flight 
data.  Yaw  SAS  gyro  centering 
spring  attachment  bolt  broke. 

12  May  1969 

30-minute  flight  test 

Yaw  SAS  gyro  centering  spring 
attachment  bolt  broke  as  soon 
as  testing  started. 

12  May  1969 

Postflight  revealed  yaw  SAS 
gyro  balancing  plug  missing 

Flights  discontinued  until  re¬ 
pairs  completed. 

13  May  1969 

1-1 /4-hour  flight  test 

Configuration  1  with  gyros 
operating.  Dynagyro  anti¬ 
tumbling  mechanism  did  not 
function  satisfactorily. 

14  May  1969 

Dynasciences  personnel  on  site 
to  eliminate  MSAS  ills 

19  May  1969 

1-hour  flight  test 

Configuration  1  with  gyros 
operating.  | 

19  May  1969 

Removed  helicopter  stabilizer 
bar 

20  May  1969 

l_l/2-hour  flight  test 

Configurations  3  and  5  level 
flight  data  points. 

20  May  1969 

1-1/4 -hour  flight  test 

Configurations  3  and  5  hover¬ 
ing  flight  data  points . 

20  May  1969 

Flight  test  evaluation  concluded 

Total  flying  time  9  hours 

25  minutes. 

--  - - - - 

FLIGHT  TEST  RESULTS 

The  MSAS,  as  tested,  did  not  perform  as  well  in  the  helicopter  as  theory- 
indicated  it  should.  A  portion  of  this  poor  performance  may  be  attributed 
to  the  use  of  a  UH-1H  helicopter.  The  theoretical  and  laboratory  work 
on  this  program  used  the  UH-1B  helicopter  and  its  performance  data  as  a 
basis  for  establishing  MSAS  requirements.  The  UH-1H  helicopter  was 
used  because  of  the  nonavailability  of  a  UH-1B  helicopter.  The  MSAS,  as 
packaged,  did  not  require  a  heat  exchanger  to  control  fluid  temperature 
within  the  desired  tolerances.  The  engagement  and  disengagement 
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transients  were  well  within  acceptable  limits.  The  helicopter  response 
following  a  small -amplitude  step  displacement  of  the  flight  controls  was 
decreased  significantly,  in  comparison  to  the  basic  helicopter  response. 
The  simple  "hardware  conceot"  system  did  not  provide  a  pilot  loop;  it 
was  a  compromise  between  being  optimum  for  hover  and  for  cruise-speed 
level  flight. 

Data  obtained  from  flight  tests  of  the  MSAS  installed  in  the  UH-1H  heli¬ 
copter  were  read,  and  plots  of  the  pertinent  data  were  prepared.  The 
procedures  and  techniques  used  are  summarized  below.  Appendix  I 
contains  a  representative  sample  of  the  data  obtained  during  the  flight 
test  program  (Right  Lateral  Pulse  Input). 

Data  Processing 


For  each  flight  test  condition,  the  output  data  for  the  various  control  in¬ 
puts  were  the  helicopter  angular  attitudes  in  pitch,  roll,  and  yaw  and 
the  helicopter  angular  rates  in  pitch,  roll,  and  yaw.  Each  output  trace 
was  read  for  all  of  the  flight  conditions  to  obtain  the  helicopter  attitude 
after  1  second  and  the  helicopter  angular  velocity  after  1  second.  All 
readings  were  taken  at  0.  1-second  intervals  to  obtain  the  peak  angular 
acceleration  of  the  helicopter.  The  traces  were  read  at  the  midpoint  of 
any  oscillations  that  were  present.  Each  helicopter  angular  velocity  trace 
was  read  for  the  first  several  output  cycles  to  be  sure  of  obtaining  the 
peak  acceleration.  The  helicopter  angular  acceleration  was  computed 
using  a  numerical  differentiation  of  the  angular  velocity  trace  for  each 
output  axis. 

Damping  Ratio  Computation 

A  damping  ratio  was  computed  using  the  techniques  of  AFFTC-TN-59-21, 
Air  Force  Flight  Test  Center  Stability  and  Control  Techniques.  Only  one 
of  the  output  quantities  was  used  to  obtain  the  damping  ratio.  The  heli¬ 
copter  angular  rates  were  used  for  this  purpose  with  a  primary  output 
selected  for  each  test  condition.  This  selection  was  based  on  the  nature 
of  the  input.  That  is,  for  a  lateral  control  input,  the  helicopter  roll  rate 
was  taken  as  the  primary  output;  for  a  directional  control  input,  the  heli¬ 
copter  yaw  rate  was  taken  as  the  primary  output.  The  damping  ratio  is 
based  on  the  response  of  a  lightly  damped  system  as  it  appears  in  the 
response  relation; 

X  =  A'  exp  (-g  go  nt)  cos  (go  n  \l  1  -§  2  t  -  a) 
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where 


X 


output 


A'  =  coefficient 
£  =  damping  ratio 

u>  =  undamped  natural  frequency 
t  =  time 
a  =  phase  angle 

The  technique  of  determining  £  from  the  recorded  data  involves  plotting 
successive  peak  values  of  the  output.  In  order  to  obtain  a  valid  slope, 
the  output  must  have  at  least  two  successive  readable  peaks  of  the  same 
sign.  This  was  not  available  from  all  of  the  test  conditions.  Such  con¬ 
ditions  have  damping  that  corresponds  to  a  heavily  damped  system  and 
can  not  be  analyzed  with  the  lightly  damped  relations.  AFFTC -TN-59-2  1 
treats  such  a  case  by  saying  that  if  the  damping  ratio  is  above  about  0.4, 
the  results  of  graphical  analysis  are  quite  inaccurate  and  other  means  of 
analysis  should  be  used.  As  no  other  data  were  available,  the  cases 
where  this  was  true  are  left  blank  in  the  damping  ratio  plot.  In  general, 
such  situations  are  well  within  acceptable  stability  characteristics. 


Plots 

The  data  plots  were:  Airspeed  (knots)  versus 
Peak  Angular  Acceleration  (deg/sec2) 

Damping  Ratio 

Control  Effectiveness  -  Attitude  at  1 . 0  sec  (deg) 
Angular  Velocity  at  1 . 0  sec  (deg/ sec) 


Configurations 

The  helicopter  configurations  used  were: 

1  -  Stabilizer  bar  installed  on  the  helicopter,  MSAS  not  operating. 
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3  -  Stabilizer  bar  not  installed  on  the  helicopter,  MSAj  not 

operating. 

5  -  Stabilizer  bar  not  installed  on  the  helicopter,  lateral  and 

longitudinal  axis  of  the  MSAS  operating;  yaw  axis  of  the  MSAS 
not  operating. 


Longitudinal  Control  Response 

Figures  17,  18,  and  19  show  the  results  of  an  aft  1-inch  pulse  control 
input,  configurations  1,  3,  and  5  respectively.  The  forward  pulse  as 
well  as  the  aft  pulse  produced  insignificant  response  differences  between 
the  helicopter  configurations.  As  would  be  expected,  the  control  effec¬ 
tiveness  at  hover  conditions  for  configuration  3  (no  bar,  no  SAS)  was 
noticeably  greater  than  for  the  forward  flight  conditions. 


Lateral  Control  Response 

Figures  20,  21,  and  22  show  the  results  of  a  left  lateral  1-inch  pulse 
control  input,  and  Figures  23,  24,  and  25  show  the  results  of  a  right 
lateral  1-inch  pulse  control  input,  for  configurations  1,  3,  and  5  re¬ 
spectively.  The  control  effectiveness  was  generally  lower  for  the  un¬ 
damped  configuration  than  for  either  of  the  damped  configurations.  The 
damping  ratio  shows  an  increase  with  airspeed  for  the  left  lateral  input 
and  a  decrease  with  airspeed  for  the  right  lateral  input.  This  can  be 
partially  attributed  to  the  necessity  of  a  compromise  design  of  the 
Dynagyro,  i.e.  ,  damping  required  at  hover  versus  damping  required  at 
high  forward  speed.  Also,  the  control  effectiveness  of  the  undamped 
helicopter  is  not  appreciably  different  from  that  of  the  damped  helicopter. 


Directional  Control  Response 

The  yaw  SAS  malfunctioned  early  in  the  flight  test  program;  therefore, 
very  little  data  were  obtained.  These  data  cannot  be  considered  reliable. 


Maneuvering  Flight 

The  control  input  response  tests  in  maneuvering  flight  were  for  config¬ 
uration  1  only  (stabilizer  bar  installed  on  the  helicopter,  MSAS  not 
operating).  The  limitations  that  the  Dynagyro  imposed  upon  the  allowable 
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pitch  and  roil  angles  of  the  helicopter  prohibited  the  execution  of  the 
maneuvers  that  would  have  provided  meaningful  data  on  damping  pro¬ 
vided  by  the  MSAS  during  maneuvering  flight.  The  MSAS  was  limited 
to  ±  20°  lateral  and  longitudinal  tilt  angles. 


Autorotational  Entry 

The  insignificant  quantity  of  yaw  SAS  data  obtained  prior  to  yaw  SAS  mal¬ 
function  indicated  that  the  yaw  SAS  responded  properly  during  autorota¬ 
tional  entry  to  assist  the  pilot  with  yaw  control  of  the  helicopter.  The 
maneuvers  performed  were  of  the  throttle  chop  variety  -  holding  the 
flight  controls  fixed  as  long  as  possible  after  the  throttle  chop,  rather 
than  immediately  initiating  the  corrective  autorotational  entry  control 
inputs.  The  imposed  helicopter  attitude  limitations  precluded  the  per¬ 
formance  of  additional  throttle  chop  maneuvers.  During  autorotational 
entry  maneuvering,  the  yaw  SAS  did  not  provide  any  apparent  significant 
performance  improvement  over  the  performance  of  the  helicopter  without 
the  yaw  SAS  operating.  Samples  of  the  autorotational  oscillograph  traces 
are  included  in  Appendix  I. 


Qualitative  Evaluation 

The  qualitative  evaluation  report  generated  by  this  program  is  included 
in  Appendix  II. 
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CONCLUSIONS 


As  a  result  of  the  test  program  described  in  this  note,  it  is  concluded 
that: 

1.  The  magnitude  of  the  installation  and  conversion  procedure  for 
the  test  MSAS  cannot  be  considered  as  representative  of  the 
magnitude  of  the  installation  and  conversion  procedure  for  a 
possible  production  version  of  the  MSAS. 

2.  The  test  MSAS  is  not  compatible  with  the  operational  or  vibra¬ 
tional  environment  of  the  UH-1H  helicopter. 

3.  Adjustable  damping  rate  provisions  are  required  in  test 
stability  augmentation  systems. 

4.  Hydraulic  fluid  temperature  control  provisions  are  required 
for  hydraulically  powered  mechanical  stability  augmentation 
systems . 

5.  The  test  MSAS  attitude  limitations,  ±20°  in  pitch  and  roll, 
restricted  helicopter  maneuvering. 

6.  Helicopter  response  following  small-amplitude  flight  control 
inputs  was  not  satisfactory. 
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RECOMMENDATIONS 


It  is  recommended  that: 

1.  The  MSAS  be  extensively  and  completely  laboratory  tested  within 
a  helicopter  environment  prior  to  any  additional  flight  testing. 

2.  Adjustable  provisions,  to  allow  "compromise"  damping  rate 
settings,  be  incorporated  in  test  stability  augmentation  systems. 

3.  Hydraulic  fluid  temperature  control  provisions  be  incorporated 
in  hydraulically  powered  mechanical  stability  augmentation 
systems. 

4.  The  operating  range  of  the  mechanical  stability  augmentation 
system  be  increased  to  an  acceptable  level  for  normal  heli¬ 
copter  maneuvering. 

5.  A  pilot  loop  be  provided  in  mechanical  stability  augmentation 
systems  to  provide  satisfactory  helicopter  response  following 
small-amplitude  flight  control  inputs. 
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Figure  1.  Flight  Test  Helicopter  -  YUH-lH. 
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Figure  3.  MSAS  Power  Supply  Module. 


Figure  4.  MSAS  Power  Supply  Module. 


Figure  7.  Pilot's  Console. 
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Figure  10.  MSAS  Powe 
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Figure  11.  MSAS  Power  Supply  Module. 
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Figure  U.  MSAS  Power  Supply  Module. 


Dynagyro 
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Figure  13.  MSAS  Modules. 


Figure  14.  MSAS  Modules  on  Three-Degree-of- Freedom  Tilt  Table 
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Figure  16. 
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Airspeed  (knots) 

Configuration  1  ESG.W.  7700  lb 

Fit  6  Run  2,10,18  ESC.G.  137 

Rotor  Speed  318  rpm 


Figure  17.  Aft  Longitudinal  Control  Response  for  1-Inch 
Pulse  Input  -  MSAS  Off  (Configuration  1). 
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Peak  Angular  Damping  Control  Effectiveness  Angular  Velocity 

Acceleration  Ratio  Attitude  at  1.0  Sec  at  1  0  Sec 

(Deg/Sec2)  (Deg)  (Deg/Sec) 


Airspeed  (knots) 


Configuration  3  ESG.W.  7700  lb 

Fit  7  Run  6,17  ESC.G,  137 

Fit  8  Run  3  Rotor  Speed  318  rpm 


Figure  18.  Aft  Longitudinal  Control  Response  for  1-Inch 
Pulse  Input  -  MSAS  Off  (Configuration  3). 


33 


!i!  A 

8 

^  H*r 

'BT 

n  «'  i? 

1 

A 

m- 

n? 

IBS 

IS 

1 

m 

mm 

5  ; 

Ul 

.  r 

f;  [iL’Il  _ 

: 

i 

.i  *** 

jjrg 

m 

.1 

Lu L 

A 

ii  iff. 

....  1  i 

ft  -  +  if.,  F 

fi 

fm 

1 

;  ill' 

Hii, 

A 

!  ZE 

IIP 

HMO 

I 

Ml!; 

if 

m 

ii 

niiimisilMllinniiri— ITWI1T1I 

MfflJHI 

A 

11 

II 

i 

* 

a 

» 

zm 

IE 

1 

SB 

I 

ii 

< 

»rr r 

m 

|| 

PI 

I 

B 

ph™ 

1 

t'jf  U- 

AHu 

il 

1 

ITT!  TT-lv 

| 

ii 

*  -yf\  X  U. 

is 

|| 

Ift 

i 

E 

a 

1 

11 

is 

tf 

A 

i';,  i  ji  !;|1 

jjjj 

jjjj 

if 

w  u  20  , 

<D  <u 

c  tn 

0)  1  n  •  .  . 

In 

II 

i 

jfjjj 

B 

1 

IRS 

1: 

T 

-  ,; 

.|1  i.  j  |lj. 

1 

jjjjj 

ip 

>  O  10  ;!,i 

•rH  • 

mm 

Sit 

m 

$ 

i 

fl 

,  ti 

A ! 

jjg 

SC 

;jiT! 

*->  r — ^ 

QJ  1  1  - 

pMim 

18 H 

M 

iBlIiiUMH 

A  m 

L^i  jAn 

m 

:p  rtf 

“i  (  t 

imm 

iai 

■H 

W 

i  ;::iA 

y 

i.-TO 

JSW 

rA  14) 

rn. 

jifllfflLj 

|Hl 

VMIUM 

2it 

* 

.bli. 

UPnftl 

mumjaioi 

ffi  l-'2 

1L1 

d 

jo 

jjliljnsl 

I 

1 

s 

Pi! 

■  • 

ll{* 

| 

p 

■p 

(t; 

r- 

II 

m. 

a 

IP 

'lillllRI 

Miliffi 

!b 

1 

m 

ffpwi!  h: 

ll  Hill!  !U 

IS 

g 

irfl 

• 

i 

ip 

■A 

(Hiii 

ll 

Ti?}} 

ifjl  «; 

*  r*-  • 

!!«!; 

1 

M:i] 

L  Jj 

i 

a 

Hi 

s 

I 

3 

Hi 

ns 

IS 

■  : 

| 

p 

1 

SB 

ill] 

1 

11 

■ 

a  o  « •  *  t 

•H  *H 

IS 

If 

nn 

i 

jjjljjl 

IB 

,1 

(til 

||| 

"“••siimu 

2 !  U  r  U ' !  ' 

WMHI 

m 

ill] 

m 

iili 

Iili! 

lid] 

iii 

US 

ilirPi  i 

n 

III 

■!. 

AI 

i 

i 

U 

JBliffil 

IM 

Hi 

m 

|1 

||| 

m 

«n 

IEH 

iflillDffii 

jililtliHI! 

h(l 

‘Hi 

m 

li!l 

Hiiiiii 

Piifili 

IIP  F 
A; 

“  °.r 

3  W  U  0  ~  T  *~ 

MM  <U 
cum 

!■ 

pif&M 

MBl 

RfMMfii 

L  W1I1HII 

mm\ 

U 

me! 

iili 

UP«U 

HUM 

ID! 

a 

HlWt 

m\ 

RMBI 

111 

R 

Dili 

HOI 

1*11 

1! 

s 

raiiHi 

iNH 

JMW 

n 

IHHHMl 

mm 

IMmmni 

'AfAl 

I 

ii 

i 

i! 

fciiiui 

mm 

|!*g 

uilMIIIKitl 

MifrntMMt 

ifeiiatfi 

Dii 

Ii 

•nri 

MMmI 

fill 

m 

m 

1 

■ 

iili! 

MIIUDflill 

Iiml; 

si 

ili 

HllililSsHf! 

«!! 

ilu 

ilii 

::n 

ra 

e 

m 

fi 

SIJ 

1 

rr* 

IliliHr 

■iiiil!!!l 

SPHB] 

.*«$?  - so  rmni 

-3SS  mis 

plffll 

SSflillHli 

HjXI 

m 

ill 

B 

!![!! 

Dili 

mm 

mm 

iiisl 

H 

“SI 

|g3H8l 

IH 

mm 

!!{■•!  JJ!I 

Hi!; 

V 

IliUSilin 

mmm 

O  WTCH 

O  YAW 

ttmm- 

SS! 

in 

m 

gji 

113! 

iiiji 

mi 

ill 

mm 

m 

H 

w 

itm 

mw\  * 

BDlil! 

H.ii" 

1 1 . 

:H: 

{iff; 

ipii 

inniii 

o  20  40  60  80  100  120 


Airspeed  (knots) 

Configuration  1  ESG.W.  7700  lb 

Fit  6  Run  4,12,20  ESC.G.  137 

Rotor  Speed  318  rpm 


Figure  20.  Left  Lateral  Control  Response  for  1-Inch 
Pulse  Input  -  MSAS  Off  (Configuration  1). 
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ESG.W.  7700  lb 

ESC. G .  137 

Rotor  Speed  318  rpm 


Configuration  3 
Fit  7  Run  7,20 

Fit  8  Run  8 


Figure  21.  Left  Lateral  Control  Response  for  1-Inch 
Pulse  Input  -  MSAS  Off  (Configuration  3). 


Peak  Angular  Damping  Control  Effectiveness  Angular  Velocity 
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Configuration  5  ESG.W.  7700  lb 

Fit  7  Run  31,42  ESC.G.  137 

Fit  8  Run  24  Rotor  Speed  318  rpm 


Figure  22.  Left  Lateral  Control  Response  for  1-Inch 
Pulse  Input  -  MSAS  On  (Configuration  5). 
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Right  Lateral  Control  Response  for  1-Inch 
Pulse  Input  -  MSAS  Off  (Configuration  1). 


U  /— N 

<D  +->  60 
*44  <T3  D 
<+H  O 
UL)  <D  w 

na 


3  4-»  L> 
Wirt  qj 
CMt/3 
<  a>  \ 

<— I  60 
M  <D  <D 

rt  L>  Q 

0>  U  W 

a.  < 


Airspeed  (knots) 


Configuration  3  ESG.W.  7700  lb 

Fit  7  Run  8  ESC.G.  137 

Fit  8  Run  10  Rotor  Speed  318  rpm 


Figure  24.  Right  Lateral  Control  Response  for  1-Inch 
Pulse  Input  -  MSAS  Off  (Configuration  3). 
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Peak  Angular  Damping  Control  Effectiveness  Angular  Velocity 

Acceleration  Ratio  Attitude  at  1.0  Sec.  at  1.0  Sec 

(Deg/Sec2)  (Deg)  (Deg/Sec) 


Airspeed  (knots) 


Configuration  5 
Fit  7  Run  32,43 

Fit  8  Run  26 


Right  Lateral  Control  Response  for  1-Inch 
Pulse  Input  -  MSAS  On  (Configuration  5). 
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APPENDIX  I 
TEST  DATA 
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Figure  27.  Autor otational  Entry  -  60  KLAS,  4000  Feet, 
With  Yaw  SAS. 
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Figure  28.  Auto  rotational  Entry  -  ?0  KIAS,  4000  Feet, 
With  Stabilizer  Bar. 
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Figure  <29.  Autor otational  Entry  -  90  KIAS,  4000  Feet, 
With  Yaw  SAS . 
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Figure  30.  Autor otationaL  Entry  -  110  KIAS,  4000  Feet, 
With  Stabilizer  Bar. 
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Figure  34.  Right  Lateral  Pulse 
With  MSAS. 
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Figure  35.  Right  Lateral  Pulse  -  60  KIAS,  4000  F 
With  Stabilizer  Bar. 
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Figure  39.  Right  Lateral  FuLse  -  90  KIAS,  4000  Feet, 
Without  Stabilizer  Bar  and  SAS. 


APPENDIX  II 

PILOT  EVALUATION  REPORT 


Prior  to  any  experimental  flight  testing,  the  following  should  be  accom¬ 
plished: 

1.  Complete  laboratory  testing  within  an  "aircraft"  environment 
simulation.  (The  equipment  should  be  tested  under  the  condi¬ 
tions  such  as  temperatures,  vibrations,  accelerations,  and 
rates) . 

Z.  Complete  system  analysis  of  the  equipment  to  be  evaluated 

with  particular  emphasis  directed  at  how  any  equipment  limita¬ 
tions  will  affect  the  safety  and  functioning  of  the  flight  test 
program. 

Comments  pertaining  specifically  to  the  flight  evaluation  of  the  MSAS 
are  as  follows: 

1.  The  yaw  SAS  was  not  functioning  properly,  which  resulted  in 
a  degradation  of  yaw  stability  from  that  of  the  basic  aircraft. 

Z.  Pitch-roll  coupling  resulting  from  directional  control  inputs 
could  have  been  the  result  of  improper  yaw  SAS  inputs. 

3.  Pitch  stability  provided  by  the  MSAS  during  forward  flight 
appeared  to  be  improved  over  that  provided  by  the  stabilizer 
bar. 

4.  Lateral  stability  provided  by  the  MSAS  during  forward  flight 
was  only  slightly  better  than  that  available  from  the  stabilizer 
bar-off  configuration,  and  was  appreciably  degraded  from  that 
stability  provided  by  the  stabilizer  bar. 

5.  Stability  provided  by  the  MSAS  in  hovering  flight  was  not  adequate 
and  was  severely  degraded  from  the  stability  provided  by  the 
stabilizer  bar  (normal  configuration).  This  was  probably  caused 
by  the  fact  that  the  MSAS  receives  its  corrective  signals  from  the 
MSAS  gyros  mounted  on  the  cargo  compartment  floor.  This 
means  that  the  aircraft  must  go  through  considerable  attitude 
changes  prior  to  MSAS  corrective  input.  These  attitude  changes 
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and  associated  rates  are  sensed  and  perceived  by  the  pilot, 
resulting  in  pilot  imposed  corrective  input  prior  to  MSAS  inputs. 
Since  the  stabilizer  bar  (normal  aircraft  configuration)  is  di¬ 
rectly  connected  to  the  rotor  head,  the  stabilizing  inputs  from 
the  stabilizer  bar  are  made  prior  to  perception  by  the  pilot,  hence 
more  stability  and  less  pilot  inputs.  In  order  for  the  MSAS  to  be 
effective  during  hovering  flight,  the  gyros  must  be  configured  so 
that  they  can  sense  destabilizing  disturbances  and  make  stabi¬ 
lizing  inputs  prior  to  the  perception  of  the  initial  aircraft  dis¬ 
turbances  by  the  pilot. 

6.  Extremely  restrictive  aircraft  attitude  limitations  precluded  a 
sound  qualitative  evaluation  of  the  MSAS. 

The  MSAS,  at  its  present  stage  of  development,  is  not  suitable  for 
evaluating  in  the  concept  of  a  helicopter  mechanical  stability  augmentation 
system. 
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This  note  presents  the  results  of  flight  tests  conducted  to  evaluate  a  three. axis  mechanical 
stability  augmentation  system  (MSAS).  known  as  "Dynagyro'*,  on  a  UH-l  helicopter.  The 
purpose  of  a  stability  augmentation  system  is  to  augment  the  stability  and  control  character¬ 
istics  of  unstable  or  weakly  stable  aircraft  so  as  to  provide  satisfactory  flying  qualities.  The 
tests  encompassed  9-1  It  flight  hours  and  approximately  3  hours  of  ground  and  hangar  testing. 
The  MSAS  included  an  entirely  new  concept:  vortex  valve  fluidic  servoactuators. 

The  magnitude  of  the  installation  and  conversion  procedure  for  installing  the  MSAS  was 
relatively  small. 

The  MSAS,  as  tested,  did  not  perform  as  well  in  the  helicopter  as  it  did  in  the  laboratory  or 
as  well  as  theory  indicated  it  should. 

The  MSAS  did  not  require  a  heat  exchanger  for  fluid  temperature  control. 

The  engagement  and  disengagement  transients  were  acceptable.  Helicopter  response  was 
decreased  significantly  following  small -amplitude  step  displacement  of  the  flight  controls. 

The  MSAS  was  ineffective  in  improving  lateral-directional  damping. 

The  yaw  SAS  responded  properly  during  autorotational  entry;  however,  it  functioned  im¬ 
properly  during  the  remaining  tests.  Pilot  acceptance  of  the  MSAS  was  poor.  The  magni¬ 
tude  of  the  installation  and  conversion  procedure  for  the  test  MSAS  is  not  representative  of 
the  procedure  for  a  production  MSAS.  The  MSAS  was  not  compatible  with  the  operating 
environment  of  the  UH-1H  helicopter. 

The  improper  functioning  of  the  yaw  SAS  contributed  to  the  ineffectiveness  of  the  MSAS  in 
improving  lateral-directional  damping.  The  yaw  SAS  provides  insignificant  yaw  damping 
during  autorotational  entry.  Improper  MSAS  functioning  and  helicopter  attitude  limitations 
contributed  to  the  poor  pilot  acceptance  of  the  MSAS. 
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